Background
Introduction
Obesity is a complex and heterogeneous condition with considerable phenotypic variation. One recent subgroup of interest is the metabolically "healthy" obese (MHO). These individuals have more favorable lipid profiles [1] , higher insulin sensitivity [2] , and lower risks for cardiovascular disease [3] compared to their metabolically"unhealthy" obese (MUO) counterparts.
Lifestyle behaviors, such as physical activity (PA), diet and sedentary behaviors may differentiate MHO and MUO phenotypes, and suggest possible targets for intervention strategies to modify and lower cardiometabolic risk in individuals with excess body weight. Previous research has shown conflicting results concerning PA levels between MHO and MUO: some studies have reported significantly greater levels of moderate-to-vigorous PA (MVPA) [4] [5] [6] whereas others have reported no significant differences [1, 2, [7] [8] [9] [10] . However, most research utilized subjective methods such as questionnaires to estimate PA. Objective measures of physical activity levels have been estimated by overall energy expenditure (kcals/day) between MHO and MUO, however, these studies have been performed in primarily sedentary postmenopausal women, limiting the generalizability of the data and results to other populations [1, 2, 9] . Other limitations in existing research which compare MHO and MUO are measures for various PA types or domains, such as flexibility or strength training, which have been associated with lower body weight and more favorable cardiometabolic risk factors [11, 12] .
Few studies have examined sedentary behavior between MHO and MUO groups. No differences have been reported between MHO and MUO for television time, a subjective measure of one type of sedentary behavior [7, 13] ; however, other types of sedentary behavior measures and/or assessments of sedentary time such as computer use, sitting time or objective assessment have not yet been evaluated.
Recent data suggest that higher overall dietary quality is associated with the MHO profile [10, 14] , but other studies have not identified significant differences between MHO and MUO for specific food groups [7] or macronutrient or micronutrient intakes [8] . However, these data were reported from studies of middle aged adults [7] , Koreans [8] and Irish adults [10] , precluding generalizability to a young sample of African American and Caucasian women.
The aim of this study was to compare PA, sedentary behavior and diet between MHO and MUO in a group of young African American and Caucasian women. MHO phenotypes track from childhood to adulthood [15] , and MHO is more likely to occur in African American women [6] making this age, gender and race/ethnicity group a critical subgroup to include. We hypothesized that MHO women would have more time in objectively measured physical activity, less time in sedentary behavior and demonstrate healthier dietary intake compared to MUO women.
Methods
Women were recruited from the student, staff and faculty members at the University of Massachusetts, Boston, and also from the surrounding city and suburbs. Criteria for inclusion were African American and Caucasian females, U.S. born, 19-35 years of age and a body mass index (BMI) of 25-39.9 kg/m 2 . Women were excluded if they were pregnant (currently or within past 6 months), breastfeeding, reported a body weight change of !5kg (11 lbs) or major change in dietary or exercise habits in past 6 months, reported a diagnosis of cardiovascular disease, diabetes (type I or II), thyroid disease or HIV/AIDS, use of medications to treat elevated cholesterol, blood pressure or glucose, or taking any dietary supplements with known effects on cardiometabolic risk factors (ie., antioxidants, vitamin E, aspirin, fish oil). All methods and procedures were approved by the University of Massachusetts Boston Institutional Review Board, and all participants signed an informed consent prior to measurement. Women self-reported demographic information, personal health history, family health history, age, race/ethnicity, and smoking status (never, former or current). All measures were taken by certified technicians. Height was measured using a stadiometer after removing shoes, rounding up to the nearest 0.1 centimeter. Weight was measured to the nearest 0.1 kilogram with a digital scale Seca (Chino, CA) after all outer clothing, heavy pocket items and shoes were removed. Both height and weight were taken twice, with a third measurement obtained if the first two measures were > 0.5 cm or 0.5 kg, apart. BMI was calculated by dividing weight (kg) by height squared (m 2 ). Waist circumference (WC) was measured in duplicate at the level of the iliac crest [16] , and hip circumference was measured in duplicate at the maximal circumference when viewed from the side. Waist-to-hip ratio (WHR) was calculated by dividing waist circumference by hip circumference. Means of the height, weight and waist circumference values were used in all analyses.
Blood pressure was determined using an aneroid sphygmomanometer (American Diagnostic Corporation, Hauppauge, NY) using the right arm after a 5 minute rest. Midupper-arm circumference was used to determine the proper cuff size for accurately measuring the participant's blood pressure. A second measure was taken 1-2 minutes later, and the average systolic and diastolic measurements were used in all analyses.
All women fasted for a minimum of 10 hours prior to the venipuncture. After a 30 minute clotting period at room temperature, approximately 5 mL of blood were centrifuged at 3500 rpm for 15 minutes. Immediately following centrifugation, samples were aliquoted and frozen at -80°C until biochemical analyses. All biochemical assays were conducted by the Nutrition Evaluation Laboratory at the Jean Mayer USDA Human Nutrition Research Center on Aging at Tufts University (Boston, MA). Serum was analyzed for fasting glucose, total cholesterol, triglyceride, and high density lipoprotein cholesterol (HDL), low and very-low density lipoprotein cholesterol (LDL and VLDL), glucose, insulin, C-reactive protein (hs-CRP). Lipid and glucose concentrations were measured on an automated chemistry analyzer (Olympus AU400) using reagents and calibrator from Beckman-Coulter. Insulin concentrations were measured using a radioimmunoassay ( 
Physical Activity and Sedentary Behavior Assessment
Participants wore an ActiGraph GT3X+ accelerometer (Pensacola, FL) for a minimum of 7 days around their waist fixed with an elastic belt during all waking hours, except during water activities. The accelerometer data was used to estimate time spent in sedentary (<100 counts per minute (cpm) [18] , light (100-759 cpm), moderate (760-5998 cpm), and vigorous (!5999 cpm) PA [19, 20] , steps per day [21] and metabolic equivalents (METS) [22] . Wear time was set at a minimum of 8 hours per day on a minimum of 3 days, with non-wear time defined as 60 minutes of continuous zeroes with a 2 minute interruption [23] . MVPA bouts of activity were deduced into a minimum of 10 minutes with allowance for a 2 minute interruption with a minimum of 760 cpm. The 7-Day Physical Activity Recall [24] was interviewer administered to participants after completion of accelerometer wear to estimate minutes per day and/or hours spent in moderate, hard and/or very hard PA, sleep, resistance training and flexibility training. Hours of sleep was calculated as the time between the participant reporting going to bed the previous day and waking up the next morning for the previous 7 days. Time spent in sleep (1 MET), light (1.5 METs), moderate (4 METs), hard (6 METs), and very hard (10 METs) activities for the past 7 days are multiplied by their respective MET values and then summed [25] . An estimate of total kilocalories of energy expenditure per day was calculated. This instrument has been shown to be reliable and valid in young women [26] .
Women were also asked questions which estimated time spent watching TV/videos and computer use with "Over the past 30 days, outside of work and school (as applicable), on average, how many hours per day did you 1) sit and watch television or videos and 2) use a computer (or iPad/iPhone/smart phone) to play games, surf the internet, view social media, or message others." [27] We also asked women to pick a category which best describes their "usual daily activity" such as employment, housework, going to/attending classes/school. Categories were 1) sitting during the day without much walking; 2) standing or walking during the day, but do not have to carry or lift things very often; 3) lifting light loads or climbing stairs or hills often; 4) heavy work or carrying heavy loads. [27] Finally, we asked about time spent sitting or reclining at work, home or school during a typical weekday and typical weekend day. Weekdays and weekend day were deduced to sitting time (mins/week) by averaging with the following equation: (weekday value Ã 5 and the weekend value Ã 2)/7 [28] .
Dietary Assessment
The 2005 Block Food Frequency Questionnaire (FFQ) was used to estimate habitual dietary intake [29] . Participants self-reported consumption of food intake over the past year from a 110 item questionnaire and data was reduced into estimates food groups and macro-and micronutrients at NutritionQuest (Berkeley, CA).
Statistical Methods
All analyses were tested with SAS, version 9.3 (Cary, NC) with a p-value of <0.05 considered significant. The total sample size of eligible overweight/obese African American and Caucasian women was n = 55. Women were not included in the analyses if they had less than 3 days of 8 hours of wear or incomplete or missing accelerometer data (n = 6), or missing cardiometabolic data (n = 3), resulting in a final sample size of n = 46.
Results
Approximately 61% of the sample was African American, and 80% were classified as MHO. Average age was (mean ± SD) 26.7 ±4.7 years with an average BMI of 31.1 ± 3.7 kg/m 2 . On average, the accelerometer was worn 832.6 ± 103.5 minutes per day for 7.0 ± 2.0 days. There were no significant differences between the MHO and MUO groups for age, race distribution, smoking status, accelerometer wear time or valid days of accelerometer wear. Women who were classified as MUO had significantly higher weight, height, BMI, waist circumference, WHR, and VLDL, HDL, triglyceride, glucose and CRP concentrations compared with MHO. Women in MHO and MUO had similar levels of total cholesterol, low-density lipoprotein cholesterol, systolic and diastolic blood pressure, and HOMA-IR values. Demographic and cardiometabolic risk factors are presented in Table 1 .
MHO women had significantly higher levels of light PA compared to MUO (difference between MHO and MUO; 38. ± 16.1 mins/day, p = 0.02) when measured using accelerometry. MHO also had greater average daily METs (per minute) compared with MUO (difference: 0.21 ± 0.09 METS, p = 0.03) ( Table 2) . Other accelerometer measures, including moderate PA, vigorous PA, MVPA bouts, total activity counts, and steps per day, were similar between MHO and MUO women. Measures from the 7-day self-reported physical activity recall questionnaire did not show any significant differences between MUO and MHO for any intensity of activity, strength training or flexibility training (Table 2) .
MHO women spent significantly less time in sedentary behaviors, measured via accelerometry, than MUO (difference between MHO and MUO: -58.1 ± 25.5 mins/day p = 0.02) ( Table 3) . Questionnaire data for sitting time, TV time, computer use, or usual daily activity were similar for MHO and MUO (Table 3) .
MHO women reported higher fiber intakes than MUO women (difference between MHO and MUO: 6.3 ± 2.8 g, p = 0.03), soluble fiber intake (difference: 1.8 ± 0.7 g, p = 0.02), and lower intakes of saturated fat (difference: -4.0 ± 1.9 g, p = 0.04), monounsaturated fat (difference: -4.0 ± 1.9 g, p = 0.04), trans fat (difference: -0.8 ± 0.4 g, p = 0.03) ( Table 4) .
MHO women, compared to MUO women, reported consuming higher daily servings for vegetables (difference: 1.9 ± 0.8 servings, p = 0.03), fiber from vegetables (difference: 4.7 ± 2.1 g, p = 0.03), and fiber from beans (difference: 1.7 ± 0.8 g, p = 0.03), and lower daily servings of dairy (difference: -0.7 ± 0.3 servings, p = 0.04) ( Table 4 ). Further analysis of the dairy intake showed that servings of milk was significantly lower in MHO women compared to MUO women (MHO: 0.4 ± 0.1 vs. MUO: 1.0 ± 0.2 cups; p = 0.02) with no significant difference for yogurt or cheese intake (data not shown).
Discussion
The current study demonstrates that MHO young African American and Caucasian women exhibit healthier lifestyle behaviors: MHO women spent less time per day in sedentary behavior and more time per day in light PA, resulting in an overall higher daily energy expenditure compared with MUO. MHO women also demonstrated healthier overall dietary intake with higher intake of vegetables, fiber, and lower intake of saturated fat and dairy products.
Key differences in physical activity and sedentary behavior were found using objective and rigorous assessment, and to our knowledge, this is the first objective assessment of sedentary behavior comparing MHO and MUO phentoypes. The accelerometry data show that time spent per day in sedentary behaviors was significantly lower in MHO women. MHO women in our study spent approximately 58 minutes less in sedentary behavior per day compared to MUO, and this caused displacement of both light PA (addition of approximately 38 minutes per day, p = 0.02) and MVPA (addition of approximately 20 minutes per day, p = 0.19). Light PA has been associated with lower glucose concentrations indicating effects of lower intensity activity on cardiometabolic health [30] , and research in young adults has shown that simply replacing sitting with either standing or walking can improve insulin sensitivity [31] . Substituting 30 mins/day of sedentary time with equal amounts of light PA was associated with improvements in overall physical health in older adults [32] . Even substituting 10 minutes of sedentary time for MVPA has been reported to be positively associated with cardiometabolic risk factors also in older adults [33] . The overall lower levels of sedentary behavior and higher levels of light PA or MVPA could suggest a physiological mechanism to explain the healthier profile within obesity for MHO women.
Other PA variables derived from accelerometry, such as TAC and steps, although higher in MHO women, did not reach statistical significance in the current study. Interestingly, mean Non-normally distributed variables log transformed for t-test 
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Sitting n (%) 6 ( TAC values for MHO and MUO represent different U.S. population percentiles: MHO total activity count means represent the 50 th percentile, while MUO total activity count means represent the 25 th percentile [34] . In addition, MHO women had approximately 20 more minutes of MVPA per day, and over 2000 more steps per day, compared to MUO women. These differences may be clinically meaningful despite their lack of statistical significance. Post-hoc power calculations show that a minimum sample size of 124 was needed to show significant differences in mean values between MHO and MUO for TAC, MVPA and steps.
It is important to note that the step counts are measured by an Actigraph accelerometer in the current study. Actigraphs are known to produce higher step counts compared to pedometers that use a spring lever or pizo-electric mechanism during free-living conditions [35] , due to differences in measurement and sensitivity of detecting steps. The mean steps in both MUO and MHO groups exceeded 10,000 per day; however step thresholds for health are based on spring lever pedometers, thus the current results cannot be compared to those step guidelines. Despite the differences in measurement between pedometers and the Actigraph accelerometer, the focus here is on the differences between MHO and MUO regardless of the device used. Previous studies have utilized television viewing time as a proxy measure to compare sedentary behavior among MHO and MUO individuals and have found no significant differences [7, 13] . Although we expanded the measure of screen time to include both TV viewing and computer time, our null findings are consistent with previous reports. Interestingly, MHO women self-reported approximately 2 hours less total sitting time compared to MUO women and this difference approached significance (p = 0.06).
Higher vegetable intake has been shown to have beneficial effects on cardiovascular disease mortality [36] . MHO women reported higher vegetable and overall fiber consumption (fiber, soluble fiber, fiber from beans, and fiber from fruits and vegetables) than MUO women. Previous research has not found any differences in vegetables or total fiber intake between MHO and MUO [7, 10] , but previous studies were not done in young African American and Caucasian women living in the U.S., which may explain differences in findings. We have previously reported higher whole grains, whole fruit, and meat/bean consumption in MHO young women, which typically contains higher fiber foods, however, fiber amounts were not directly investigated in the previous study [14] . Higher fiber intake has been associated with positive cardiometabolic risk factors and lower risk of obesity, cardiovascular disease and diabetes [37] .
Total dairy intake was lower in our sample of MHO than MUO women. This finding is in contrast to those who reported no differences in dairy intake in other adult cohorts [7, 10, 14] . The difference in dairy intake in the current study was limited to fluid milk, and did not include cheese or yogurt. Possible explanations could be due to our 60% African American sample which are known to have lower intake of milk products due to perceived or actual lactose sensitivity [38] . We also found lower intakes of saturated fat, trans fat and monounsaturated fat levels in MHO. The finding for saturated fat is different than that reported in another cohort of young women [14] and middle-older aged adults [7] . The higher intakes of both vegetables and lower intake of dairy intake in the MHO women likely accounted for the lower saturated fat intakes.
There are several notable strengths and limitations to the current study. Dietary data assessment, despite quality data collection methodology and analysis, is subject to recall bias. Our sample was drawn from the Boston metropolitan and suburban communities, possibly limiting generalizability to other cities and communities. The current study is a cross-sectional design and cause and effect of the key lifestyle behaviors on cardiometabolic risk within obesity are not able to be determined. Due to our small relatively sample size (n = 54), our findings should be interpreted as preliminary; future studies are needed to replicate our findings with larger samples that include men and women of diverse race/ethnic groups. Despite these limitations, our rigorous objective monitoring for both PA and sedentary behavior using accelerometry allowed assessment of various intensities of PA and overall PA levels which has not previously been investigated in MHO research. We were able to include young African American and Caucasian women. African American young women, in particular, are more likely to be MHO [6] , but are also more susceptible to developing hypertension, CVD and diabetes [39, 40] , making this group a high priority for better understanding lifestyle behaviors associated with the MHO profile.
Our research shows differences in key lifestyle behaviors between young women who were classified as MHO versus MUO. National estimates suggest that adults spend approximately 55% of their waking hours in sedentary behavior [18] . Reducing or displacing time in sedentary behavior with time in PA, regardless of intensity, could be a strategy to improve health even within the setting of obesity. This cross sectional analysis could suggest possible intervention strategies which may improve cardiometabolic risk in obesity without weight loss (ie., transitioning from the MUO to the MHO phenotype) including: 1) substituting light PA for sedentary behavior and 2) dietary intake with higher vegetables, fiber and decreasing saturated fat. Current guidelines for obesity treatment emphasize weight loss utilizing multiple lifestyle behaviors and strategies [41] ; however, weight loss is difficult to achieve and maintain [42] . If future studies are able to show that changes in key lifestyle behaviors such as sedentary behavior, PA and diet can be made to improve health within obesity, without weight loss, this could ultimately lead to the need for updating and stratifying obesity treatment guidelines to address different health risks within obesity.
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